Specific formation of arachidonic acid and eicosapentaenoic acid by a front-end Delta5-desaturase from Phytophthora megasperma.
The biosynthesis of arachidonic acid (20:4(Delta5Z,8Z,11Z,14Z)) from linoleic acid in plants by transgenic means requires the sequential and specific action of two desaturation reactions and one elongation reaction. Here, we describe the isolation of a specific acyl-lipid-desaturase catalyzing the formation of the double bond at position 5 from a cDNA library from Phytophthora megasperma. The isolated full-length cDNA harbors a sequence of 1740 bp encoding a protein of 477 amino acids with a calculated molecular weight of 53.5 kDa. The desaturase sequence contained a predicted N-terminal cytochrome b(5)-like domain, as well as three histidine-rich domains. For functional identification, the cDNA was expressed in Saccharomyces cerevisiae, and the formation of newly formed fatty acids was analyzed. The expression of the heterologous enzyme resulted in the formation of arachidonic acid after di-homo-gamma-linolenic acid supplementation and in the formation of eicosapentaenoic acid synthesis from omega3-arachidonic acid. Results presented here on the substrate specificity identify this expressed protein as a classical Delta5-acyl-lipid-desaturase, capable of specifically introducing a double bond at the Delta5 position solely in 20-carbon-atom chain length fatty acids containing a double bond at position Delta8. Detailed analysis of the different lipid species showed a preferential occurrence of the desaturation reaction for fatty acids esterified to phosphatidylcholine.